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DESCRIPTION 
Adaptive Antenna^adiojg otnmnn 1 rat ion Device 
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TECHNICAL FIELD 

The present invention relates to an adaptive antenna radio 
communication devioe provided with a direction estimating unit 
o£ arrival paths and an array antenna having a directivity 
controllingunitbasedthereonforadlgital radio communication 
system in a multi-carrier transmission method using a plurality 
of sub-carriers having different frequencies. 



BACKGROUND ART 

Signals received by a radio communication device have 
been interferedby various signals . leading to the deterioration 
15 of the reception quality. As a technique to suppress this kind 
of interference and strongly receive only signals arriving from 
a desired direction, an adaptive array antenna (adaptive 
antenna) has been Known . The adaptive array antenna can receive 
only signals arriving from a desired direction by adjusting 
20 a weight coefficient by which the receiving signals are 
m ultiplied (hereinafter, the weight coefficient is referred 
to as -weight") to adjust the amplitude and phase given for 

receiving signals. 

Furthermore, demands for the mass radio communication 
25 and high speed have been recently increased. To realise such 
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demands . anti-multi-path property and anti-fading 
countermeasure have been big subjects to be solved. One of 
approaches to solve the subjects is multi-carrier transmission 
transmitting in parallel by a plurality of narrowband 
5 sub-carriers in a band for performing wideband transmission, 
in particular, the orthogonal frequency division multiplexing 
(OFDM) transmission method has been adopted in terrestrial 
digital broadcasting or wideband radio access systems. 

When an adaptive array antenna is used in a multi-carrier 
10 transmission system, both can be further characterized, thus 
enhancing anti-multi-path property and anti-fading property. 

Description of detailed configuration will not be 
described. However, in a mult i- carrier transmission system, 
there has been described a conventional radio device equipped 
15 withanadaptivearrayantenna, forexample, in JP-A-1999-205026 . 
Due to this , even when the relative band ( the ratio of the entire 
communication band in use to the center frequency of the entire 
communication band) was high, a directional beam of an antenna 
that is uniform at the entire communication bands in the OFDM 
20 transmission method can be obtained and transmission/reception 
that is hard to be influenced by interfering wave such as 
multi-path and the like in the entire communication band can 
be made, by calculating a weight of an antenna in the respective 
sub- carriers . 

25 However. the conventional adaptive antenna radio 
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communication device has a problem in that it was unable to 
estimate the direction with sufficient accuracy for receiving 
sub-carriers having low received power, when it was influenced 
by frequency selective fading for performing the direction 
5 estimation for each sub-carrier and calculating a weight of 
a receive array. Furthermore, it has a problem in that, when 
the number of sub-carriers was high, the circuit specification 
has increased. 

10 DISCLOSURE OF THE INVENTION 

The present invention estimates the average 
direction-of-arrival of sub-carrier signals belonging to a 
divided band to which the communication band is divided, using 
a sub-carrier signal having high correlation of spatial spectrum 
15 among adjacent sub-carrier signals in a wideband multi-carrier 
transmission method. So. even when sub-carriers having low 
received power exist, the deterioration estimation degree can 
be suppressed by estimating the direction-of-arrival as 
sub-carrier signals including such sub-carriers. Also. 
20 individual or average direction of a plurality of paths for 
the respective sub-carriers can be estimated. 

in case of directivity transmission . an angle spread based 
on a spatial spectrum is detected in the respective divided 
bands or the entire communication band. When the angle spread 
25 is small, a transmission directivity control is performed on 
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the basis of the average direction- of -arrival of the entire 
sub-carrier signals. On the other hand, when the angle spread 
is large . a directivity transmission control is performed either 
1) in the direction giving the maximum received power among 
5 the direction estimation results in the respective divided bands 
or 2) in the direction giving the upper received power having 
the predetermined number among the direction estimation results 
in the respective divided bands. Thus, a directivity 
transmission can be made in the direction of arrival path upon 
10 reception and interference with other users can be effectively 
reduced, thus enhancing the communication quality and improving 
the system capacity. 

An adaptive antenna radio communication device according 
to the present invention comprises an array antenna made up 
15 of a plurality of antenna elements receiving high frequency 
signals that are transmitted by mult i- carrier; a demultiplexer 
for demultiplexing the signal received by the respective antenna 
elements to a plurality of sub-carrier signals ; Nd divided band 
direction estimating units for estimating the 
20 direction-of-arrival of a radio wave by dividing the entire 
communication band being multi-carrier transmitted into Nd 
bands (however. Nd is 2 or more or a positive integer less than 
the number of sub-carriers used being multi-carrier 
transmitted) and using sub-carrier signals belonging to the 
25 respective divided bands , a divided band array weight creating 
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unit for creating aweight of a receive array having a directional 
beam in the direction of estimation hy the divided hand direction 
estimating unit for the respective divided hands ; a suh-carrier 
directivity creating unit for creating a directivity hy 
5 multiplication-combining the receive array weight created in 
each divided hand with the corresponding sub-carrier signai 
belonging to the divided band; and a demodulating unit for 
demodulating data by using the output of the sub-carrier 
directivity creating unit. Accordingly. since the 
10 direction-of -arrival of the sub-carrier signals in the divided 
band can be estimated, a directivity reception can be made on 
the basis of the direction estimation results. 

The dividedband direction estimating unit of the adaptive 
antenna radio communication device according to the present 
15 invention also calculates pilot signal correlation values with 
the respective input sub-carrier signals using a Known pilot 
signal embedded in a suh-carrier signal, and estimates the 
direction-of -arrival based on the correlation values of said 
pilot signal correlation values calculated between the 
20 suh-carrier signals received hy different antenna elements. 
Thus, the direction can be estimated on the basis of the phase 
of the pilot correlation values. 

The dividedband direction estimating unit of the adaptive 
antenna radio communication device according to the present 
invention also estimates the direction-of -arrival using 
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correlation matrices integrating correlation matrices of the 
respective sub-carriers belonging to the sob-carrier signals. 

The divided band direction estimating unit of the adaptive 
antenna radio communication device according to the present 
5 invention also estimates the direction-of -arrival using a 
correlation matrix > expressed as R-V^" ^V? +~~ + V L V L " 
wh ere L is the number of sub-carriers belonging to the 
sub-carrier signals , V* is a column vector having a pilot signal 
correlation value as an m-th element in the m-th antenna element 
10 with respect to the x-th sub-carrier signal, and H is a complex 
conjugate transposed operator. Accordingly, the average 
direction of the directions-of -arrival of the sub-carrier 
signals can be detected with better accuracy. 

The divided band direction estimating unit of the adaptive 
15 antenna radio communication device according to the present 
invention also estimates the direction-of -arrival by using a 
correlation vector integrating correlation vectors of the 
respective sub-carriers belonging to the sub-carrier signals. 
The dividedband direction estimating unit of the adaptive 
20 antenna radio communication device according to the present 
invention also estimates the direction-of -arrivel using a 
correlation vector z expressed as 

Z = K 1A . *V 1+ V 2X *V 2 + — +V LX *V L 
where L is the number of sub-carriers belonging to the 
25 sub-carrier signals ; Vx is a column vector having a pilot signal 
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correlation value as an m-th element in the m-th antenna element 
with respect to the x-th suh-carrier signal; Vxx is an x-th 
element of the column vector Vx (however, x is apositive integer 
less than the numher or antenna elements, ; and * is a complex 
5 conjugate operator. Thus, the average direction of the 
di rections-of-arrival of the suh-carrier signals can he 
detected with better accuracy. 

The divided hand direction estimating unit of the adaptive 
antenna radio communication device according to the present 
l0 invention also has a path search unit for calculating a delay 
profile hy calculating a cross correlation between respective 
input sub-carrier signals using a Known pilot signal embedded 
in the sub-carrier signal and detecting a plurality of path 
arrival timings from the delay profile, and estimates the 
„ direction-of-arrivalbasedonthecorrelationvalueofthepilot 

signal correlation value calculated between the same 
su b-carrier signals received by different antenna elements in 
toe respective path arrival timings. Thus. the 

a irection-of-arrival of multi-path waves included in the 
20 respective sub-carrier signals can be estimated. 

The divided band direction estimating unit of the adaptive 
entenna radio conununication device according to the present 
invention also estimates the direction-of -arrival using a 
correlation matrix integrating correlation matrices of the 
reS pective sub-carriers detected in the respective 
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sub-carriers belonging to the sub-carrier signals. 

The dividedband direction estimating unit of the adaptive 
antenna radio communication device according to the present 
invention also estimates the dlrection-of -arrival using a 
correlation matrix R expressed as 



R-I 2Vk(.PVk<J>)" 
k-lp-1 

where L is the number of sub-carriers belonging to the 
sub-carrier signals; Vx(p) is a column vector having the pilot 
signal correlation values as an m-th element in the m-th antenna 
XO element of the p-th arrival path (the number of whole arrival 
paths is specified as S) with respect to the x-th sub-carrier 
signal, and H is a complex conjugate transposed operator, 
accordingly, the directions of arrival of multi-path waves 
included in the respective sub-carrier signals can be estimated 

15 with better accuracy. 

The dividedband direction estimating unit of the adaptive 
antenna radio co^unication device according to the present 
invention also estimates the direction-of -arrival using a 
correlation vector integrating correlation vectors of the 
20 respective sub-carriers detected in the respective 
sub-carriers belonging to the sub-carrier signals. 

The divided band direction estimating unit of the adaptive 
antenna radio ccmnunication device according to the present 
invention also estimates the directlon-of -arrival using a 



correlation vector z expressed as 

w *ere L is ^he numher or sub-carriers helonging to toe 
sub -carrier signals; VK(P> is a column vector having the pilot 
5 si gnalcorrelationvaluesasan m -t h ele m entint h e m -t h antenna 

element or tne p-th arrival pat, (tne nu^her of whole arrival 
paths is specified as S, wit, respect to tne *-th suh-carrier 
S ignal ana * is a complex conjugate operator. Thus, the 
erections of arrival of multi-path waves included in tne 
L „ respective suh-carrier signals can he estimated wit. hotter 
accuracy . 

The dividedhanddirectionestimatingunitof the adaptive 
antenna radio co^unication device according to the present 
invention also estimates the direction-of -arrival hy any one 
„ of the MUSIC method. ESPRIT method. CAPON method and Fourier 
methodusingthecorrelationmatrixR. Thus . various estimation 

methods of direction-of-arrival can he applied. 

The divided D anddirectionestimatingunitoftheadaptive 

antenna radio communication device according to the present 
20 invention also has a spatial smoothing processing unit for 
performing spatial soothing processing on said correlation 
matrix R and estimates the direction-of-arrival hy using any 
one of theMUSICmethod. ESPRIT method , CAPON method and Fourier 
method to the output from the spatial smoothing processing unxt . 



Thu s. even wben correlation «~ — ' °" °* 

estimation can be ensured. 

Th e^ dt an adi rect i onest iB at i n g un i to f t h ea d apt iV e 

a „tenna radio communication -Ice — 9 t. «- P-ent 
5 mention aXso .as a unitary converts unit for performing 
unitary conversion processing on tbe ccrreiation matrix H an. 
estates tne direotion-or -arrivai . y usin g an y one o f t,e MUS- 
m etbod. «S»IT metbod. CAPON metbod and Pourier metbod to tbe 
out put from tbe unitary converts unit. Tbus . wben an array 
10 antenna is a uniform linear array, a directions vector is put 
into a real number so tbat a tbrougbput of operation can be 
reduced . 

Purtbermore. an adaptive antenna radio communicate 
d evice according to tbe present invention comprises an array 
f „ olura iity of antenna elements receiving 
15 antenna made up of a plurality 

hig b frequency signals tbat are transmitted by multi-carrier; 
a demultiplexer for demultiplexing tbe signal received by tbe 
respective antenna elements to a plurality of sub-carrier 
signals^nentirebanddirectionestimatingunitforestlmatlng 

20 tbe direction-of-arrival using multi-carrier signals in tbe 
entire communication band being multi-carrier transmitted : 
ai vided band direction estimating units for dividing tbe entire 
coim unication band into *d bands <bo W ever. »d is , or - 
or a positive integer less tban tbe number of sub-carriers used 
25 being multi-carrier transmitted, and estimating tbe 
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aire ction-of-arrival of a radio wave by using sub-carrier 
sig „als belonging to tne respective divided ^ = a section 
estlM Uon result selecting unit for selecting and outputting 
an estimation value of tne entire band direction estimating 
5 unlt W nen tne deviation of tne direction estimation results 
ln ND divided b and direction estimating units is less than the 
redetermined value, and for outputs an estimation value 
ot tne aividednanddirectionestimatingunitwnentne deviation 
is neater tnan tne predetermined value : and a divided b and 
L0 array weignt creating unit for creating a weignt of a receive 
array b avin g a directional b eam in tne direction of estimation 
nsing tne output of tne direction estimation result selects 
unlt . Accordingly, directivity control metnods can b e 
adaptivelyswitcnedfromtnespreadoftnedirection-of-arrival 

15 in a band. 

rurtnermore. an adaptive antenna radio communication 
ae vice accordin g to tne present Invention comprises an array 
antenna made up of a plurality of antenna elements receiving 
nign frequency signals tnat are transmitted b y multi-carrrer; 
2 „ a demultiplexer for demultiplexing tne signal received b y tne 
res pective antenna elements to a plurality of sun-carrier 
s ignals : anentirenanddirectionestimatingunitfore S timating 

th e direction-of-arrival using multi-carrier signals in tne 
entire co^unication band being multi-carrier transmitted; Nd 
25 aivided band direction estimating units for estimating tne 
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di rection-of-arrival of a radio wave by dividing the entire 
communication band being multi-carrier transmitted into No 
hands (however. M is 2 or .ore, or a positive integer less 
th an toe number of su b -carrier S use. being multi-carrier 
5 transmitted, and using su b -carrier signals belonging to the 
respective divided b ands ; a direction estimation result 
.electing unit for detecting an angle spread from the spatial 
profilecalculatedintheentirebanddirectionestimatingunrt. 

for selecting and outputting an estimation value of the entire 
10 hand direction estimating unit when the angle spread is less 
than the predetermined value, or outputting an estimation value 
„* the divided hand direction estimating unit when the angle 
spread is greater than the predetermined value, and a divided 
handarraywelghtcreatingunitforcreatingaweightofareceive 

„ array using the output of the direction estimation result 
selecting unit, accordingly, directivity control methods can 
be adaptively switched from the spread of the 
airection-of-arrival in a band. 

Furthermore, the adaptive antenna radio communication 
20 aevice according to the present invention, in a radio system 
be ing multi-carrier transmitted in a time division duplex (TDD) 
me thod or a frequency division duplex (FDD) method, further 
comprises a sub-carrier transmission weight creating unit for 
calculating a weight of a transmission array that forms a 
25 transmitting directional beam in the respective divided bands 
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b asedontheestimateddirectionres«ltselectedbythedirection 
estimation result selectin g unit: ana a sub-carrier 
transmission directivity creating unit for transmits a 
sectional beam being multiplied the transmitting sub-carrrer 
5 signalbytnetransmissionarravweigntintnerespectivedivi^ 

ba nds. Accordingly, directivity control methods can he 
adaptively switched from the spread of the direction-of -arrival 
in a band. 

Furthermore, the adaptive antenna radio communication 
10 device according to the present invention, in a radio system 
b eing multi-carrier transmitted in a time division duplex (TDD ) 
method, further comprises a suh-carrier transmission weight 
creating unit using a weight of a receive array created in the 
aivi ded hand array weight creating unit for each divided hand 
15 as a weight of a transmission array, and a suh-carrier 
transmission directivity creating unit for transmitting a 
sectional heam using a weight of a transmission array common 
to the respective divided hands. Thus, the same directivity 
as a receive directivity in the respective divided hands can 
20 be used for transmitting. 

Purthermore. the adaptive antenna radio communication 
device according to the present invention, in a radio system 
b eingmulti-carrier transmitted in a time division duple, (TDD, 
m ethod or a freguency division duplex (FDD) method, further 
25 comprises a sub-carrier transmission weight creating unit for 
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calculating a weight of a transmission array in order to create 
a transmitting directional beam in the direction of estimation 
glvi ngma X imumreceivedpowera m ongthedirectionsof estimation 
^Idividedbanddlrectionestimatingunits^ndasub-carrier 

s transmission directivity creating unit for transmitting a 
ulrectional beam common to tbe entire divided band using tbe 
transmission array weight. Thus, a transmitting beam can be 
f ormed in tbe direction of patb giving tbe maxin,um received 
power among the divided bands. 
0 ' Furthermore, tbe adaptive antenna radio communication 

oevice according to tbe present invention, in a radio system 
b eing muiti-carrier transmitted in a time division duple* (TDD) 
m ethod or a freguency division duplex (FDD) method, further 
comprises a sub-carrier transmission weight creating unit for 
15 caicuiating a deviation of the estimation direction outputted 
from the divided band direction estimating unit, caicuiating 
. weight of a transmission array for creating a transmitting 
sectional beam in the average direction of direction 
estimation vaiues outputted from ail divided band direction 
20 estimating units when the deviation is less than the 
predetermined value, or calculating the transmission array 
„eight in the direction of estimation giving a predetermined 
number of the upper received power among all divided bands when 
tbe deviation is greater than the predetermined value . Thus . 
25 directivity control methods can be adaptively switched from 
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the spread of the direction-of -arrival in a band. 

yurthermore. in an adaptive antenna radio communication 
oevlce aooording to the present invention, sub-carrier signals 
to which orthogonal frequency division multiplexing (OFDM) is 
applied are used for multi-carrier transmission. So. 
m ulti-carrier can be transmitted in a modulation method having 
high frequency utilization efficiency. 

yurthermore. in an adaptive antenna radio communication 
oevice according to the present invention, sub-carrier signals 
, in which users are multiplexed are used for the multi-carrier 
remission by code division in the direction of frequency 
^ or time axis. Thus, the present invention has an action 
that can be applied to a system in which user multiplexing can 

be made in accordance with code division. 

Theadaptiveantennaradiocom^unicationdeviceaccording 

to the present invention also creates a weight of a transmission 
array or a weight of a receive array for the respective 
m ultiplexedusersfordirectionalreceiving. Thus, an optimum 
airectivity can be controlled in the respective divided bands 
20 for the respective multi-users. 

The dividedband array weight creating unit of the adaptive 
a „tenna radio communication device according to the present 
iuventionalsohasadirectionalbeamlnthedirectionestimation 

r esult of the divided band direction estimating unit in rts 
25 dlvi dedbandandcreatesaweightofareceivearrayforcreating 
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. null in the estimation direction of other multiplexed users. 
So an optimum directivity can be received such that a null 
ls .crmed in the direction of interference in the respective 
aivided hands for the respective multi-users . 

The sub-carrier transmission weight creating unit of the 
adaptive antenna radio communication device according to the 
pre sent invention also has a directional heam in the direction 
of a desired user and creates a weight of a transmission array 
f or creating anull in the direction of other multiplexed users . 
10 Thus, an optimum directivity can he transmitted/received such 
that a null is forced in the direction of interference in the 
reS pective divided hands for the respective multi-users. 

wording to the present invention, as descrihed ahove. 
ev en wheu an adaptive antenna radio communication device 
1, equipped with an array antenna employs a widehand multi-carrier 
tra nsmission method and suh-carriers having low received power 
exit the deterioration of the estimation accuracy can he 
suppressed and the reception quality can he improved. 
Furthermore, in case of a directivity transmission, multiuser 
2 0 interference can he reduced and an improvement of the 
communication quality can be devised. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a bloc* diagram illustrating a configuration 
25 of a radio cormaunication device in a first embodiment of the 
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present invention; 

Flg 2 is a bloc* diagram iliustrating a detailed 
conjuration of a divide* ban, direction estimating unit in 
a first embodiment of the present invention; 

F lg. 3 is a diagram illustrating the spatial profile 
calculation results from a divided band direction esti.ating 
unit in a first embodiment of the present invention; 

Fig 4 is a block diagram illustrating another 
configuration of a divided band direction estimating unit in 
10 a first embodiment of the present invention; 

Fig . 5 is a bloc* diagram illustrating a configuration 
of a radio conununication device in a second embodiment of the 

present invention; 

Fig . 6 is a bloc* diagram illustrating a configuration 
15 of a radio communication device in a third embodiment of the 
present invention; and 

Flg . 7 is a bloc* diagram illustrating a configuration 

* ■ ri^vice in a fourth embodiment of the 
of a radio communication device in a r 

present invention. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention are demonstrated 
neremafter with reference to the drawings. Throughout the 

25 are designated by the same reference numerals. 
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1st Exemplary Embodiment 

Fig 1 is a bloc* diagram illustrating a configuration 
of an adaptive antenna radio communication device in a first 
5 embodimentofthepresentinvention. T he adaptive antenna radio 
communication device illustrated in Pig. 1 oomprises an array 
ant enna 1 made up of multiple Na antenna elements 1-1 to 1-Na: 
a oemultiplexer « (-ever. k is 1 to „a> for ^multiplexing 
asignalsl-kreceivedbyak-thantennaelementl-ktoaplurality 

■ „„i , f 1-k to Ns-k after the high frequency 
10 of Ns sub-carrier signals f 1 k to ns 

slg nal is freguency-converted: a divided band direction 
estimating unit 4-m for estimating the airection-of arrival 
u sing sub-carrier signals belonging to the m-th divided band 
3-mamong divided bands in w hich a co^unication band is divided 
15 int o Nd bands, a divided band array weight creating section 
5 - m forcreatingaweightofareceivearraybasedonthedirection 

estimation result from the m-th divided band direction 
estimating unit 4-, a sub-carrier directivity creating unit 
... for creating a directivity to sub-carrier signals belonging 
20 to the m-th divided band 3-m using the receive array weight 
created in the divided band array weight creating unit 5-m : 
and a aemodulating unit 7 for aemodulating data using each 
sub -carrier signal in which a airectivity is received. Here. 
m i n aicatesltoNd. Xncidentally.anexampleofaconfiguration 
25 is illustrated in Pig. 1 when the number of antenna elements 



Na Is 2. the - NS iS " 3,14 nUmber 

of divided bands Nd is 2. 

The operation of the outline is described below with 

reference to F i 9 . i. — 3 elementS 1 " " ^ 

. confirm, the antenna element i receives hi g h fluency 
sig nals .1-1 to sl-Na respectively that is transmitted in a 
mult l-carriermethod. Of such si g nals . ahi g h « re,uency si.nal 
sl .K received by the k-th antenna element 1-k performs a hi 9 h 
f „ amplification and f regency conversion sequentially 

» „i „ralitv of Ns sub-carrier si g nals 
10 in the demultiplexer 2 -k. Apluralrty 

fl k f2-k .... fNs-k are extracted, which are used for 
mult r-carrler transmission. Herein, an entire co^unlcation 
b and of a receive si.nal can he divided into Nd divided hands, 
suh-carrier si g nals helon g in g to the m-th divided hand 3-m 
X5 therein is input to the divided hand direction estimate unit 
4 -m and the suh-carrier directivity creatin. unit 6-m 
respectively, incidentally, the numher of divided hands Nd 
can he a positive inte.er within a ran g e of the numher of all 
Ns suh-carriers , Nd > 1- Also, the numher of suh-carriers 
2 „ belong to suh-carrier si g nals helon g in g to each divided hand 
3 n eeds not to he certainly e q ual. The numher of suh-carriers 
NO (. Ns/Nd) is described to he the same below. 

Hext. usln 9 sub-carrier si g nals belon g in g to the m-th 
divid ed hand 3-m. the divided band direction estimate unit 
25 4 -m conducts estimation of the oirection-of -arrival . Fr 3 . 2 
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^lustrates a aetata configuration of tbe ^ ^ 
direction estimating unit 4. 

In Fig. 2. a divided band direotion estimating unit 4-1 
is made up of a piiot signal creating unit 20 for creating a 
, pilot signal, i.e.. a Known pilot signal embedded in eacb 
sub -carrier signal: apilotsignal correlation calculating unit 
21 f or calculating correlation values between eacb received 
sub -c,rrler signal and a created pilot signal; a correlation 
ma trix creating unit 2 2 for creating a correlation matrix based 
10 on Pilot signal correlation values: and a spatial profile 
.alculating unit 23 for calculating a spatial profile based 
onecorreletionmetrix. Also, sub-carrier signals s21 received 
by tb e antenna element 1-1 and sub-carrier signals s22 received 
by tbe antenna element 1-2 are input to tbe different pilot 
„ signal correlation calculating unit 21 from tbe respective 
sub -carriers. Tbe operation of tbe outline is described below 
w itb reference to Pig. 2. incidentally. Pig. 2 illustrates 
an example of tbe divided band direction estimating unit 4-1 
in a first divided bend 3-1 wben tbe number of antenna elements 
20 N a is 2 and tbe number of sub-carriers Nc in a divided band 



is 2 
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Th e pilot signal creating unit 20 creates a Known signal 
(b ereinaf ter referred to as a pilot signal, embedded previously 
in a snb-cerrier signal. Tbe pilot signel correlation 
cnlculeting unit 21 performs a correction operation b etween 
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created pilot signals and receiving pilot symhols of the 
sub -carrier signals. Herein, a pilot signal is specified as 
r( „. However, s is 1 to Np where Hp is the number of pilot 

signal symbols- 

* pilot signal correlation calculating unit 21-n-K 
perform a correlation operation shown in the formula 1 for 
the n-th suh-carrier signal fn-x (to, (incidentally, to 
represents a path arrival tiding, helonging to the m-th divided 
ban4 3-m received by the *-th antenna element i-x. However. 
10 No is the number of over-samples for a symbol and . indicates 
a convex conjugate. The pilot correlation value h nK rs 
calculated for suh-carrier signals (n - 1 - *» -longing to 
the m-th divided hand 3-. received hy all antenna elements (K 
= 1 - Na) . 

^%L- t ('+ N o-(s-i)y\s) (i) 

The correlation matrix creating unit 22 calculates a 
correlation matrix R shown in the formula 3 using the pilot 
correlationvaluehnKcalculatedinthepilotsignalcorrelation 

calculating unit 21 and a correlation vector Vn shown in the 

, qltoNs k is 1 to Na and T is a vector 
20 formula 2 . However, n is 1 to Ns , k is 

transpose. 

n=l 
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The spatial profile calculating unit 23 performs the 
direction estimation using a correlation matrix R created in 
the correlation matrix creating unit 22. Many direction 
estimation algorithms have been proposed. However, below is 
5 described a case where an algorithm for creating a spatial 
profile based on the Fourier method and detecting its pea* 
direction for finding a direction-of -arrival estimation value 
is applied. 

The spatial profile calculating unit 23 calculates a 
10 spatial profile by varying a parameter 6 of e 
direction-of -arrival estimation evaluation f unctionF(e) shown 
in the formula 4 in a predetermined angle step A6. So it detects 
the peak direction having the predetermined number M (Mai) 
in the descending order of the peak level of a spatial profile 
„ and specifies it as a dlrection-of -arrival estimation value. 
However. a(8) is a directional vector that depends on the element 
arrangement of the array antenna 1. For example, it can be 
expressed as the formula 5 for a uniform linear array having 
en element space d. Herein. X is a wavelength of a center 
20 frequency in the divided band 3-m in a carrier band, and 9 
specifies the normal direction of the linear array as the 
direction of 0". Furthermore. H is a complex conjugate 
transpose. 

F{6) = a{6) H Ra{6) ^ 
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a(6). 



1 

exp{-;'2«i -l-sintf/A} 



(5) 



exp{- }2nd ■ (Na - 1) • sin 0 1 A} 

Fig. 3 shows the spatial profile calculation result when 
thenumberofarrayelementsNaisSandthenumberof sub-carriers 

N c or suh-carrier signals is 2. Fig. 3A is the result when 
5 the angle of arrival of a suh-carrier 1 61 is 20" ana that of 
. suh-carrier 2 62 is -20% while Fig. 3B is the result when 
the angle of arrival of the suh-carrier 1 61 is 5" and that 
of the suh-carrier 2 62 is -5". As illustrated in Fig. 3A. a 
oeam former method is used for the direction- of -arrival 
l0 estimation shown in the formula 4. When the arrival path 
intervals are separated more sufficiently than the beam width 
of the array antenna 1. the pea* for each path direction can 
oe detected. Furthermore, as shown in Fig. 3B. a plurality 
of angles of arrival of paths are close to one after another. 
X5 a spatial profile having the smaller number of peaXs than the 
number of paths is obtained. The pea* direction in this case 
is steering the direction in which the composite power of 
multiple paths is maximized. 

Then, the divided band array weight creating unit 5-m 
20 creates a weight of a receive array facing toward the main beam 
in the maximumpea* direction of the direction estimation result 
in the divided band direction estimating unit 4-m or in the 
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Multiple peax directions of the predetermined number for 
sub-carrier signals belonging to tbe m-tb divided band 3-m. 

Next, the sub-carrier directivity creating unit 6-m 
multiplication-combines commonly each sub-carrier signal by 
the created receive array weight and outputs it to the 
demodulating unit 7. Incidentally, the receive array weight 
is created in consideration of a wavelength Xm of a center 
fluency of each divided band 3-m in a radio frequency band. 
This is effective particularly when the relative band is high. 
For example, the receive array weight Wm in the m-th divided 
band 3-m can be expressed as the formula 6 for a uniform linear 
array having an element space d. Herein. 80 is the direction 
estimation result . Incidentally, the normal direction of the 
linear array is specified as the direction of 0°. 



1 

exp{;'2OTi • 1 • sin 6 0 I A m } 



(6) 



0 



exp{- jlxd ■ (Na - 1) • sin 6 0 I A m } 

Next, the demodulating unit 7 performs a demodulation 
operation using each sub-carrier signal in which a directivity 
is received from the sub-carrier directivity creating unit 6 
via all divided band 3- 

in this embodiment, a correlation vector Vn is obtained 
from each sub-carrier signal belonging to sub-carrier signals 
belonging to the divided band 3. which is then synthesis to 
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create a correlation matrix R. By performing a 
air ection-of -arrival estimation using the correlation matrxx. 
the average direction-of -arrival of sub-carrier signals in a 
aivi dedbandcanbeestimated. Accordingly. 
5 intervals between sub-carrier signals are sufficiently narrow, 
spatial correlation characteristics between accent 
sub -carrier signals become relatively high- For this reason, 
even if a received power adjacent to the sub-carrier signal 
ls low. the accuracy of direction-of -arrival estimation can 
10 be ensured hy performing the direction estimation after 
comhining a plurality of the suh-carrier signals. «hen the 
freq uency intervals hetween sub-carrier signals are 
sufficiently large, the accuracy of direction estimation can 
b e stabilized due to the frequency diversity effect. 

incidentally, the correlation matrix creating unit 22 
na y employ the correlation vector . shown in the formula 7 as 
well as the correlation matrix R shown in the formula 3. In 
this case, the spatial profile calculating unit 23 obtains 
dlr ection-of-arrival estimation values by calculating the 
20 spatial profile shown in the formula 8 as well as in the formula 
4 f or detecting a peax level. However. Vn.m represents the 
m -th element of the correlation vector Vn. 



(7) 
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Xncidentally.wheneachsub-carriersignalis transmitted 
usi ng a multi-carrier direct se q uence code division multiple 
access (MC/DS-CDMM method to be spread in the direction or 
5 time axis, tne divided b and direction estimating unit 4 may 
be configured such that it taKes out multi-path signals in which 
the arrival time is different in a sub-carrier signal and 
performs the direction estimation or the multiple paths. An 
example of such configurations is illustrated in Fig. 4. 

Flg . 4 is a diagram illustrating a different configuration 
of the divided band direction estimating unit 4-1. In Fig. 
4 the divided hand direction estimating unit 4h is made up 
of a pilot signal creating unit 20 for creating a Known pilot 
signal embedded in each sub-carrier signal, a path search unit 
15 30 for detecting a plurality of arrival path timings in each 
SUD -carrier signal; apllot signal correlation calculating unit 
31 for calculating cross correlation values between a 
sub -carrier signals received by each of the detected multiple 
arrival path timings and a created pilot signal; a correlation 
20 matrix creating unit 32 for creating a correlation matrix based 
on the pilot signal correlation values; and a spatial profile 
calculating unit 33 for calculating a spatial profile that is 
spatial using the created correlation matrix. The operation 
of the outline is described below with reference to Frg. 4. 
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incidentally. Fig. * shows an example when the number of antenna 
events Na is 2 and the number of sub-carriers No in the divided 
band is 2. 

First, path search units 30-1 to 30-Ns create delay 
5 profiles using pilot signals embedded in suh-carrier signals 
and detect a pea* tiding of the upper received power as a path 
timing. Herein, the number of receiving path timings detected 
f or the n-th suh-carrier signal of certain suh-carrier signals 
in a path search unit 30-n is specified as L n. However, n is 
10 1 to NC. A Pilot signal correlation value h n k (t 3 ) in the 3-th 
path timing t, for the n-th suh-carrier signal fn-* received 
oy the K-th antenna element 1-K can he expressed as the formula 
Herein, the pilot signal is specified as r(s>. However. 
a is 1 to NP where Np is the number of symbols of the pilot 
15 signal. 

incidentally, the delay profile is created using a method 
of 1) composing the absolute value or sguare of the pilot signal 
correlation value h obtained by each of the antenna 

20 elements 1-1 to 1-N for each of the same timings or 2, creating 
multiple delay profiles by multiplying the pilot correlation 
value h „ kl t), of the same timing by the weight on which a 
oirectional beam is formed, then adding both and obtaining the 
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the delay profile can suppress the noise component by egualizing 
between a plurality of frames. 

Next . the correlation matrix creating unit 32 calculates 
. correlation matrix R shown in the formula 11 using the pilot 

correlation value h nx(t 3 > calculated in the pilot signal 

correlation calculating unit 31 and the correlation vector 

Vn(tJ) shown in the formula 10. However. 

1 to Ha and H is a vector complex conjugate transpose. 

V„(tj) = [h„,i(tj) h n ,2(tj)-f>nM'j)} 



(10) 



n=l;=l 



Next.^he spatial profile calculating unit 33 calculates 
the spatial profile shown in the formula 4 to perform the 
section estimation using the correlation matrix R created 
by the correlation matrix creating unit 32. 

incidentally, the correlation matrix creating unit 32 
synthesizes the correlation vector Vn(td, and then calculates 
the spatial spectrum. However, thecorrelationmatrixcreating 
unit may calculate the spatial profile for each path as shown 
ln the formula 12 using the correlation vector Vn(t 3 , of each 
20 path, incidentally, the formula 12 illustrates a direction 
estimation evaluation function of the J-th pass for the n-th 
sub-carrier signal. However, n is 1 to Ns and 3 is 1 to Ln. 
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F nj (,e)=\a H mVn(<jf ° 2) 

Incidentally, the correlation matrix creating unit 32 
may employ the correlation vector . shown in the formula 13 
as well as the correiation matrix R shown in the formula 11. 
5 IB this case, the spatial profile calculating unit 32 ohtains 
the oirection-of -arrival estimation values hy calculating the 
spatial profile shown in the f or m ula 14 as well as in the formula 
4 for detecting a pea* level. Herein. Vn.m<t 3 > represents the 
m -th element of the correlation vector Vn(t 3 ). 

,-$§KWW <13) 

Xncidentally. in this embodiment, the divided hand 
erection estimating unit 4 performs the direction estimation 
using the heam former method. Eigenvalue analysis methods. 
15 such as the MUSIC method and ESPRIT method whose information 
ls aisclosed in -Adaptive Signal Processing hy Array Antenna- 
science Press, inc., hy Kixuma and a high resolution method 
of a oirection-of-arrival estimation such as the Capon Method 
deluding the inverse matrix operation of a correlation matrix. 
20 can apply to the correlation matrix R of the output of the 
correlation matrix creating unit 22 or the correlation matrix 
creating unit 32 shown in the formula 3 or the formula 11 . When 
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th e nm ur of suh-carrier signais »c heXonging to suh-carrier 
sig naXs is smaXXer than the numher of - y events, however, 
stnce the case can he considered where the numher - ranfcs of 
th e correiation matrix R that is the output of the correiation 
ma trix creating unit 22 does not reach the f uXX ran*, a Section 
estimation aXgorithm needs to he properiy seXected in accordance 
Mi th the numher of sun-carriers He. Or when the correiation 
ma trix create unit 3, is usee. sue. an aigoritnm needs to 
be seXected in accordance wit. t*e numher t h at the numher of 
suh-carrier signaXs «c and the numher or paths L n are added. 
Fu rthermore. when the configuration of the array antenna 1 rs 
unif orm iinear array arrangement, the arrivaX direction 
estimation processing in a .earn space in which a directionai 
.ector is put into a reai numher can he appXied hy muXtipiying 
l9 the correxation matrix . ohtained in the correiation matrix 
creating unit 22 or the correiation matrix creating unit 32 
by sp atiax smoothing processing or unitary conversion 
pressing for muXtipiying the unitary conversion matrrx. 

mcidentaxxy. suh-carrier transmission may he 
20 suh-carrier signais to which the orthogonaX f reguency division 
mu Xtipiexing (OFDM) is appiied. in this case, freguency in 
whl ch each suh-carrier signaX is orthogonaX in the OPOM symhoi 
section is seiected and used. *Xso. suh-carrier transmission 
can he appiied to the code division muitipiexed MC-COM* method 
25 A n the direction of the freguency axis. Xn this case, the same 
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effect can be obtained by parking the operation explained 
in this embodiment through the calculation of the pilot 
correlation value of each s ub-carrier signal for each user using 
the pilot signal embedded in the multiplexed sub-carrier signal 
5 for each individual user. 

Multi-carrier transmission can also be applied to the 
code division multiplexed MC/DS-CDMA method in the direction 
of time axis in the same manner. In this case, the same effect 
can be obtained by performing the operation explained in this 
XO embodiment through the calculation of the pilot correlation 
value of each sub-carrier signal for each user after extracting 
a code division multiplexed user signal in the direction of 
time axis of each sub-carrier signal by de - spreading . 

Furthermore . when code division multiplexed users exist . 
15 thedividedbandarrayweightcreatingunitsmaybeadditlonally 
given a beamcreating function for reducing interference between 
users who are code division multiplexed. This function can 
oe realized by creating a weight of a receive array that has 
the mam beam in the estimation direction of the divided band 
20 direction estimating unit 4 in each sub-carrier signals in the 
oirection of a desired user and forms a null in the direction 
of other multiplexed users. 

2nd Exemplary Embodiment 

Fig. 5 is a blocx diagram illustrating a configuration 
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o.at.ans^ttingunitofana.aptlveantennaradioco^unication 

devi ce according to Embodiment 2 of the present Invention. 
Roc o rQi n g totnaco„ fig u r at i ono f t h t S a mb oo im ant.tnaope r at i on 

in the configuration of Fig. X explained in Embodiment 1 x. 
s performed for seating a transmission directivity in each 
sub -carrier based on tne direction estimation result by each 
dlvi dedbanddirectionestlmatingunit4. Xncidentaiiy . since 
a bloc* diagram untii the direction estimation resuit of tne 
divld ad .and direction estimating unit 4 is obtained is tne 
10 same as that of Embodiment i. tne description is omitted here, 
in Fig 5. an adaptive antenna radio communication device is 
ma de up of a sub-carrier transmission weight creating unit .0 
f or creating a weight of a transmission array based on tne 
estimationresuitoftbe divided band direction estimating unit 
15 4 . a sub-carrier transmission directivity creating unit 41 for 
rau ltiplying eacb signal in which transmitting sub-carrier 
signals «fl to fNs, are reproduced as much as the number of 
tra nsmission array elements by a weight of a transmission array; 
a mixer 4 2 for mixing tne weighted sub-carrier signals; a radio 
20 transmitting unit 43 for freguency- converting the output of 
t he mixer 4 2 to the radio freguency. incidentally, an example 
of a configuration is illustrated in Fig. 5 when the number 
o£ antenna elements »a is 2. the number of sub-carriers N s is 
2 and the number of divided bands Nd is 2. The operation of 
25 the outline is described below with reference to Frg. 5. 
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The operation until the dividedband direction estimating 
uni ts 4-1 to 4-Nd estimate the direction-of -arrival in each 
4ivi ded hand hased on the high frequency signal si that rs 
transmitted in the multi-carrier mode received h y the array 
, antenna 1 is the same as that or Embodiment 1. the description 

is omitted here. 

Next the sun-carrier transmission weight creating unit 
40 creates a weight or a transmission array hased on the 
esti^tion results from Nd divided hand direction esti.nating 
10 units 4. creation of a transmission array weight operates 
di«erentlyaccordingtoaduplexsystemo f aradiocommunlcation 

sys tem. For example, the operation is different according to 

a time division duplex (TDD) method or a frequency division 

duplex (FDD) method as described below. 

in case of a TDD method, since transmit band and receive 

.and are shared by time division, a weight of a receive array 
created by each of the divided band array weight creating units 
S .X to 5-Ndis used as a weight of a transmission array Ws based 
oatheestimationdirectionresultsofthedividedbanddirection 

20 estimating units 4-1 to 4- N d of each divided band. 

the spread (deviation, of the direction estimation results of 
th e divided band direction estimating units 4-1 to 4-„ in each 
divi ded band over the entire communication band is large, rn 
a rad io co-mnunication system in which a plurality of users exist 
25 accordingtothecodedivisionmultlplexing. there is a problem 
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tnthatmultiuserinterferencebecomeslarger. 
any of the following operations is applied. 

X, The divided band array weight creating units 5-1 to 
5 - Nd create the transmission weight array Ws for creating a 
5 transmitting directional beam in the direction of estimation 
(maX imum peaX direction of spatial profiles calculated 
re spectlvely in the divided hand direction estimating units 
4 .X to 4-Nd for each divided hand, giving the maximum received 
pow er among the entire divided hands from the estimation 
10 ai rectionresultsofthedividedhanddirectionestimatingunits 

4- 1 to 4-Nd for each divided band. 

2) The divided band array weight creating units 5-1 to 

5 - Nd calculate the deviation of the estimation direction in 
the entire communication band from the estimation direction 

15 results from the divided hand direction estimating units 4-1 
to 4-Nd for each divided hand. When the deviation is smaller 
than the predetermined value, the divided band array weight 
creating units 5-1 to 5-Nd create the transmission array weight 
wsfacingtowardthemultiplemainbeamsintheaveragedirection 

astimating units 4-1 to Nd for each divided band. Furthermore. 
wh en the deviation is higher than the predetermined value, the 
dlvided band array weight creating units 5-1 to 5-Nd create 
It in the estimation direction (upper pea* direction of spatral 
25 profiles calculated respectively in the divided band direction 
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estimating units 4-1 to 4-Nd for each divided nana, of upper 
received power among the entire divided bands. 

in case of a FDD method, transmit band and receive band 
are different. However, any of the foXiowing operations is 
5 apP xied on the basis of the estimation vaiues from each of the 
divided band direction estimating units 4-1 to 4-Nd. 

1) The divided band array weight creating units 5-1 to 
5- Nd create the transmission weight array Ws for creating a 
transmitting directional beam in the direction of estimation 
10 (maximum pea* direction of spatiaX prefixes caXcuXated 
respectiveXy in the divided band direction estimating units 
4 -! to 4-Nd for each divided band, giving the maximum received 
power among the entire divided bands from the estimation 
dir ecticnresultsofthedividedbanddirectlonestimatingunits 

15 4-1 to 4-Nd for each divided band. 

2, The divided band array weight creating units 5-1 to 
5 . N4 calculate the deviation of the estimation direction in 
the entire communication band from the estimation direction 
results from the divided band direction estimating units 4-1 
20 to 4-Nd for each divided band. When the deviation is smaller 
than the predetermined value, the divided band array weight 
creating units 5-1 to 5-Nd create the transmission array weight 
ws facing toward the multiple main beams in the average direction 
ofeachestimaticndirectionresultofthedividedbanddirection 

25 estimating units 4-1 to Nd for each divided band. Furthermore. 



when the deviation is higher than the predetermine* value, the 
diviaed hand array weight creating units 5-1 to 5-Nd create 
it in the estimation direction (upper pea* direction of spatial 
profiles calculated respectively in the divided hand direction 
» estimating units 4-1 to 4-Nd for each divided hand, of upper 
received power among the entire divided bands. 

Next, transmitting data is modulated at a modulator that 
is not illustrated in a predetermined modulation format and 
transmitting suh-carrier signals 41-1 to Ns are created. The 
XO suh-carrier transmission directivity creating unit 4X-X to 
41-NS divides the transmitting sub-carrier signaXs 4X-X to 41-Ns 
to the number egual to the number of eXements in the array antenna 
1 Na for muxtipxying each of them by eXements in the transmission 
array weight Ws - [wl. w2 . _. wna, created in the sub-carrier 
15 transmission weight creating unit 40. and outputs them to the 

mixers 42-1 to 42-Na. 

The mixers 42-1 to 42-Na mix output signals corresponding 
to the number of array elements in the directivity-weighted 
sub-carrier transmission directivity creating units 41-1 to 
20 41-Ns such that sub-carrier signals are arranged at assigned 
frequency intervals respectively. The radio transmitting 
units 43-1 to 43-Na transmit outputs of the mixers 42-1 to 42-Na 
at each radio frequency from the antenna elements 44-1 to 44-Na 
configuring the frequency-converted array antenna 44. 

A s described above, according to this embodiment, in 



36 



action to the effect of Embodiment 1. as a directivity is 
transmitted in the estimation directions of the divided .and 
section estimatingunits 4-1 to 4-Nd. multi-path interference 
can be reduced and communication quality can be improved . Also . 
, by restricting the direction of estimation giving the maximum 
received power among all divided bands or the directivity 
transmitting direction in the direction having higher received 
power among divided bands according to the deviation of the 
section estimation values of each divided band in the entire 
10 communicationband. adirectivitycanbetransmittedwithbetter 
efficiency such that multiuser interference is suppressed. 
Th us . multiuser interference can be suppressed and the system 
capacity can be improved. 

incidentally, sub-carrier transmission which can be used 
15 fo r sending may be sub-carrier signals to which orthogonal 
frequency division multiplexing (OFDM) is applied, In this 
case, frequency in which each sub-carrier signal is orthogonal 
in the OFDM symbol section is selected and used. Sub-carrier 
transmissioncanalsobeappliedtothecodedivisionmultiplexed 

20 MC-CDMA method in the direction of the frequency axis and each 
user can obtain the same effect by performing the operation 
explained in this embodiment. Also, it can be adapted to the 
code division multiplexed MC/DS-CDMA method in the direction 
of the time axis in the same manner. In this case, each user 
2 5 can obtain the same effect by performing the operation explained 
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in this embodiment, too. 

Furthermore . when code division multiplexed users exist . 
th e su.-ca.rier transmission weight creating unit 40 may he 
additionally given a beam creating function for reducing 
, interference hetween users who are code division multiplexed 
in the same manner as in Embodiment 1. 

3rd Exemplary Embodiment 

Fig . 6 is a bloc* diagram iilustrating a configuration 
10 of the receiving unit of an adaptive antenna radio communication 
device according to Embodiment 3 of the present invention. The 
configuration of the present embodiment, in the configuration 
of Fig. 1 explained in Embodiment 1. further comprises an entire 
.and direction estimating unit 50 for estimating the direction 
15 in the entire communication band and a direction estimation 
result selecting unit 51 by using all sub-carrier signals 
receiving by the array antenna 1. The direction estimation 
result selecting unit 51 detects an angle spread by using a 
spatial profile to be calculated in the entire band direction 
20 estimatingunit50. selects andoutputs the direction estimation 
result from either of the entire band direction estimating unit 
50 or the divided band direction estimating unit 4. 
Xncidentally. since a blocK diagram until the direction 
estimation result of the divided band direction estimating unit 
25 4 is obtained is the same as that of Embodiment 1 . the description 



38 



is omitted here. The part that is different fro-, Embodiment 
1 is mainly described below with referenoe to Fig. 6. 
Xncidentally. Fig. 6 iliustrates an exampie when the number 
of antenna eiements Na is 2. the number of sub-carriers Ns is 
5 2 and the number of divided bands Nd is 2, 

reoperation until the divided band direction estimating 
unl ts 4-1 to 4-Nd estimate the direction-of -arrival in each 
divided band based on the high frequency signal si that is 
transmitted in the multi-carrier mode received by the array 
10 antenna 1 is the same as Embodiment 1 . the description is omitted 
here. 

Tbe entire band direction estimating unit 50 is to input 
therein Hn calculated in all divided bands 3-1 to 3-Nd when 
the correlation matrix R shown in the formula 3 calculated in 
15 the n-th divided band 3-n is specified as Rn (however, n is 
! to Nd, and calculates a composite summation Ra of the 
correlation matrix Rn shown in the formula 15. For example, 
a spatial profile according to the Fourier method shown in the 
formula 16 is calculated by varying 8 in a predetermined angle 
20 step A e and the pea* direction having the predetermined number 
„ („S1. in the descending order of the pea* level of a spatial 
profile is detected and then average direction-of -arrival 
estimation of sub-carrier signals in the entire communication 
nand is performed. However. a(9, is a directional vector that 
25 aepends on the element arrangement of the array antenna 1 . For 
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example, it can be expressed as the formula 5 tor an uniform 
lin eararrayhavinganelementspaced. Herein. X is awavelength 
o* a carrier .and. and 6 specifies the normal direction of the 

array as the direction of 0». Furthermore. H is a complex 

conjugate transpose. 



N *„ (15) 
n-1 



Next, the direction estimation result selecting unit 51 
calculates an angle spread AS using the direction estimation 
10 value * Km of all divided hand direction estimating units 4-1 
to 4-Nd and spatial profile value (or the direction-of -arrival 
estimationevaluationfunctionvalue,Pm(* 1 o n ,ineachof divided 
b ands3-mbyapplyingtheformulasho»mintheformulal7. Herein. 
. represents ! to Nd. Also. *0 is given by the formula 18. 
15 and * Km indicates the direction-of -arrival of the K-th path 
among the total Lm paths detected by the divided band direction 
estimating unit 4-m in the m-th divided band 3-m. When the 
• angle spread As is less than the predetermined value K. the 
ejection estimation result selecting unit 5! selects the 
2 „ estimation values of the entire band direction estimating unit 
50 using the angle spread As calculated and outputs them to 
aXl divided band array weight creating units 5-1 to 5-Nd in 
common. On the other hand, vhen the angle spread AS is greater 
than the predetermined value K. the direction estimation result 
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selects unit 51 outputs the estimation value of the divided 
b and direction estimating unit 4-m in the m-th divided band 
3- to the divided hand array weight creating unit 5-m in the 
sam e manner as in Embodiment 1. Herein, m represents 1 to Nd. 

Furthermore, as a different method for calculating the 
angle spread AS, the angle spread AS may be obtained from the 
f ormula 17 using only the direction estimation value * Km giving 
the upper spatial profile value (or the direotion-of -arrival 
estimation evaluation function value) Fm(*km). 



AS- 



N {l(<Pkm-<l>0) 2F m(.<t>km) 
m-U-1 07) 



Nd Lm 
m-«-l 
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Nd Lm 

, m-U-1 < 18 > 

*0 ~ M Lm 

m-lfc-1 

Then . the dlvidedband array weight creating unit 5 creates 
aweight of a receive array facing toward the mainbeam direction 
in a particular direction according to the selected direction 
estimation result by the direction estimation result selecting 
unit 51. and outputs it to the sub-carrier directivity creating 
unl t 6. The sub-carrier directivity creating unit 6 outputs 
signals by multiplication-combining commonly each sub-carrier 
signalbythecreatedreceivearrayweight. Namely, thedivided 
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b and array weight create unit 5- m the m-th divided .an, 
3-m creates a weight of a receive array facing toward the main 
beam4 irectioninaparticuiar a irectionforsuh-carriersignai S 

bel onging to them- th divided hand 4-m. according to the seiected 
9 direction estimation result by the direction estimation result 
selecting unit 51 . The suh-carrier airectivity creating unit 
6 -m outputs signals hy multiplication-comhinlng commonly each 
sub-carrier signal hy the created receive array weight . Thrs 
operation is performed for all m. i.e.. from 1 to Nd. 

Th e demodulating unit 7 receives data, performing 
eemodulation operation using each suh-carrier signal in which 
a directivity is received. 

As described ahove. according to this embodiment, in 
edition to the effect of Embodiment 1. since the direction 
15 estimation result selecting unit 5! detects an angle spread 
of a sub-carrier signal in the entire communication band. 
ai rectlvity formation different with the respective entire 
alv ided hands or directivity formation co^non to all divided 
b ands 3 can be switched in accordance with the angle spread 
20 AS Thus, when the angle spread AS is small, the average 
dlr ection-of-arrival for all sub-carrier signals can be 
estimated. For this reason, by freguency selective fading, 
even when the receiving level of some bands is small, robust 
dlr ection-of-arrival estimation can be made in the whole 
25 communication band. 
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Xncidentally. detection of an angle spread by the 
dlr eotion estimation resuXt selecting unit SI is calculated 
ontnebasisofthespreadoftnedirection-of-arrivalestimation 

va Xue in each divided hand. However, the angle spread is also 
5 aetected h y applying a method hased on a spatial profile to 
b e calculated in the entire hand direction estimating unit SO. 
A s a method for calculating an angle spread from the spatial 
profile, information is descrihed. for example, in -Concurrent 
estimation of Direction-of -Arrival and Angle SpreadusingMUSXC 
10 Algorithm hy H.S.M. Shah et al. . 2000 XEXCE (The institute 
o£ EXectronics. Information and Communication Engineers) 
Conrn-unication Society Conference. 3-1-31- By ohtaining a 
spatial profile from the correlation matrix Ra calculated in 
the formula 15 and using the angle spread AS calculated form 
l5 thespatlaXprofiie. as descrihed ahove . the estimation results 
fr om the entire hand direction estimating unit SO or divided 

. . m i t-o 4-Nd can be selectively 
band direction estimating units 4-1 to 4 Nd ca 

switched. 

XncidentaXXy. in this emhodiment. the entire hand 
20 direction estimating unit SO performs the direction estimation 
using suh-carrier signals of the entire communication hand, 
xnaddition.aconfigurationtoperformthedirectionestimation 

wit h the numher of divisions greater than the number of 
suh-carrier signal divisions Ns used hy the divided hand 
25 direction estimating unit 4 may be good. 
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incidentally. the entire divided band direction 
estimating unit 50 in this embodiment performs tne direction 
estimation using tne beam fo-er method. Eigenvalue analysis 
methods . such as tne MUSIC and ESPRIT methods whose information 
5 is disclosed in "Adaptive Signal Processing in Array Antennas' 
(Kixuma. science Press. Inc., and a high resolution method of 
. d irection-of-arrival estimation, such as the Capon Method 
including the inverse matrix operation of a correlation matrix . 
can apply to the correlation matrix Ra shown in the formula 
10 15. When the number of sub-carrier signals Nc belonging to 
th. divided band 3 or the number of paths is smaller than the 
number of array elements, however, since the case can be 
considered where the number of ranxs of the correlation matrix 
that is the output of the correlation matrix creating unit 22 
15 aoes not reach the full ranx. a beam former method can be 
conslderedtobeadaptivelyusedtogetheraccordingtothenumber 

o£ ranxs or the number of paths. Furthermore, when the 
configuration of the array antenna 1 is uniform linear array 
arrangement, the arrival direction estimation processing in 
20 a beam space in which a directional vector is put into a real 
number can be applied in the same manner by multiplying the 
correlation matrix Ra shown in the formula 15 by the spatial 
smoothing processing and unitary conversion processing for 
multiplying the unitary conversion matrix. 

incidentally. sub-carrier transmission may be 



sub-carrier signals to which the orthogonal f reguency division 
multiplexing (OPDM, is applied. Xn this case, fluency in 
which each sub-carrier signal is orthogonal in the OFDM symbol 
section is selectee and used. Also, suh-carrier transmission 
5 can he applied to the code division multiplexed MC-CDMA method 
in the direction of the frequency axis . In this case, the pilot 
correlation value of each suh-carrier signal for each user is 
calculated hy using the pilot signal embedded in the multiplexed 
suh-carrier signals for each individual user, accordingly. 
10 the same effect can he ohtained hy performing the operation 
explained in the embodiment. 

A1 so. it can be adapted even to the code division 
multiplexed MC/DS-CDMA method in the direction of the time axis 
ln the same manner. In this case, a user signal that is code 
15 oivision multiplexed in the direction of time axis of each 
sub-carrier signal is extracted by de-spreading. And then. 
a pilot correlation value of each sub-carrier signal for each 
user is calculated. Thus, the same effect can be obtained by 
performing the operation explained in this embodiment. 

Furthermore, when code oivision multiplexed users exist. 
th edividedhandarray W eightcreatingunit5 m ayheadditionally 
^venabeancreatlngfunctionforreduclnginterferencehetween 

users who are code division multiplexed. 



25 4th Exemplary Embodiment 
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P ig . 7 is a bloc* diagram illustrating a configuration 
o^trans^ittingunitofanaoaptiveantennaraaioco^unication 

de viee according to En.oodi.nent 4 of the present invention. The 
configuration of this embodiment, in the configuration of Fig. 
5 s explained in Embodin-ent 2. further comprises an entire hand 
section estimating unit 50 and a direction estimation result 
seating unit 51. Incidentally, since a bloc* diagram until 
the direction estimation result of the divided hand direction 
estimating unit 4 is ohtained is the same as that of Embodiment 
L0 x.thedescriptionisomittedhere. T he part that is different 
fro m Embodiment 1 is mainly descrihed below with reference to 
Fig . 7. incidentally. Fig. 7 illustrates an example when the 
number of antenna elements Na is 2. the numher of suh-carriers 
Ns is 2 and the number of divided bands Nd is 2. 

Theoperationuntilthedividedbanddirectionestimating 

nnits 4-1 to 4-Nd estimate the direction-of -arrival in each 
Alvided band based on the high freguency signal si that is 
tra nsmitted in the multi-carrier mode received by the array 
antenna 1 is the same as Embodiment 1 . the description is omitted 
20 here. 

The entire band direction estimating unit 50 operates 
in the same manner as in Embodiment 3. 

The direction estimation result selecting unit 51 selects 
the estimation value of the entire band direction estimating 
25 nnit 50 using the angle spread *S that is calculated in the 
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same manner as in Embodiment 3 and outputs it to the sun-carrier 
transmission weight creating unit 40. when the angle spread 
AS is smailer than the predetermined value K. On the other 
h and. when the angle spread As is greater than the predetermined 
5 value K. the direction estimation result selecting unit 51 
outputs the estimation values or the divided hand direction 
estimating units 4-1 to 4-Nd in each of divided hands 3-1 to 
3-Nd to the suh-carrier transmission weight creating unit 40 
in the same manner as in Embodiment 2. Herein, m is 1 to Nd. 

Furthermore, as a different method for calculating the 
angle spread AS. the angle spread AS may be obtained from the 
formula 17 using only the direction estimation value * Km giving 
the upper spatial profile value (or the direction-of -arrival 
estimation evaluation function value) Fm(*km). 

Next, the sub-carrier transmission weight creating unit 
40 creates a weight of a transmission array based on the output 
of the direction estimation result selecting unit 51. The 
sub-carrier transmission weight creating unit 40 is to input 
the estimation values of the divided band direction estimating 
20 units 4-1 to 4-Nd in each of divided bands 3-1 to 3-Nd. when 
the angle spread AS is greater than the predetermined value 
K and to perform the same operation as the sub-carrier 
transmission weight creating unit 40 in a mode of Embodiment 
2. on the other hand, when the angle spread AS is less than 
25 the predetermined value, since the sub-carrier transmission 
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weight create unit 40 is to select and input the estimation 
valu eof the entire band direction estimating unit 50 . it creates 
a weight of a transmission array facing toward the main .earn 
in the direction of the direction estimation value. 

Then, transmitting data is modulated at a modulator that 
is not illustrated in a predetermined modulation format and 
the transmitting suh-carrler signals 41-1 to 4!-Ns are created. 
The suh-carrier transmission directivity creating unit 41-1 
to Ns divides the transmitting sub-carrier signals 41-1 to 41-Ns 
10 to the number egual to the number of elements of array antenna 
X N a f or multiplying each of themby elements in the transmission 
array weight Ws - ,wl. W2. „. wna, and outputs it to the mixers 

42-1 to 42-Na. 

The following operation is the same as that of Embodiment 



15 2. 



A s described above, according to this embodiment, in 
addition to the effects of Embodiment 1 and Embodiment ^. 
d irectivity formation different with the respective entire 
divi ded bands or transmission directivity formation common to 
20 all divided bands 3 can be switched in accordance with the angle 
spread AS . Thus, when the angle spread AS is small, the average 
air ection-of-arrival for all sub-carrier signals can be 
estimated. For this reason, by freguency selective fading, 
even when the receiving level of some bands is small, robust 
25 dir ection-of-arrival estimation can be made in the whole 
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creation .ana. Since the directivity transmission using 
the result ensures ..ore stahilised operation, -uitiuser 
interference can b e suppressed and the system capacity can he 
improved . 

Incidentally, in this emhodiment. the entire hand 
airection estimating unit 50 performs the direction estimation 
using suh-carrier signals of the entire communication hand. 
However, a configuration to perform the direction estimation 
wit h the numher of divisions greater than the numher of 
l0 suh-carrier signal divisions Ns used hy the divided hand 
direction estimating unit 4 may he good. 

incidentally. suh-carrier transmission may he 
suh-carrier signals to which the orthogonal f regency division 
multiplexing <0 F 0M, is applied. In this case, fluency in 
15 which each suh-carrier is orthogonal in the OFDM symhol section 
ls selected and used. Also, suh-carrier transmission can he 
applied tothecodedivisionspreadMC-CDMXmode in the direction 
of the freguency axis. In this case, the operation explained 
in this emhodiment is performed after user signals are extracted 
20 for each code division multiplexed user following de-spreading 

of spread codes. 

A1 so. code multiplexed MC-DS-CDMA mode in the direction 
oE time axis can he adapted in the same manner. In this case, 
the operation explained in this emhodiment is performed after 
25 user signals are extracted for each code division multiplexed 



49 



user following de- spreading of spread codes. 

Furthermore . «hen code division multiplexed users exist . 
the sub-carrier transmission weight creating unit 40 may be 
additionally given a beam creating function for reducing 
interference between users who are code division multiplexed 
in the same manner as in Embodiment 1. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention is useful for 
an adaptive antenna radio communication device and suitable 
for multi-carrier transmission. 
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Description of Reference Numbers 

1 array antenna 

1- 1 ~ 1-Na, 

44-1, 44-2 antenna element 

2- 1 - 2-Na demultiplexer 

3- 1 - 3-Na divided band 

4- 1 - 4-Na divided band direction estimating unit 

5- 1 - 5-Na divided band array weight creating unit 

6- 1 - 6-Na sub-carrier directivity creating unit 
7 demodulating unit 

20 pilot signal creating unit 

21, 31 pilot signal correlation calculating unit 

22, 32 correlation matrix creating unit 

23, 33 spatial profile calculating unit 
30-1, 30-2 path search unit 

40 sub-carrier transmission weight creating unit 

41 sub-carrier transmission directivity creating 
unit 

42 mixer 

43 radio transmitting unit 

50 entire band direction estimating unit 

51 direction estimation result selecting unit 
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